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Abstract- In this paper, we present the results of the spectral
analysis of photoplethysmography (PPG) signals for normals
and patients with various cardiovascular disorders.
Photoplethysmography is a non-invasve technique that
measures rdative blood volume changes in the blood vessds
close to the skin. The PPG signal of 10 subjects was recor ded
from the earlobes. Five of the subjects were critically ill
patients (2-Atrial Flutter, 3-Post Myocardial Infarction) and
the remaining five were normals. The spectral analysis
indicates that the contents of the PPG signal are different for
normals and cardiovascular patients. We also investigated
Heart Rate Variability (HRV) using the PPG signal. These
results show that PPG can be used to analyze cardiovascular
disorders and supplement existing methods of analyzing HRV.
Keywords - Photoplethysmography, Heart Rate Variability,
Biomedical Signal Processing.

|. INTRODUCTION

Photoplethysmography is a non-invasive tedhnique that
measures relative blood volume danges in the blood
vesEls close to the skin. In recent years, it has devel oped
into a popular non-invasive method for assesing mean
arterial blood pressure and oxygen saturation (Pulse
Oximeter). In this report we present the PRG signal as a
marker for cardiac activity. The measurement of blood
volumetric changes in the skin perfusion by means of PRG
depends on the fact that blood absorbs infrared light many
times more grongly than the remaining skin tissues.

PRG has sveral advantages. It uses Smple inexpensive
optical sensors that nedl little maintenance The device is
compact and is portable. Henceit can be used in all types of
environments. The simplest PRG sensor consists of an
infrared LED and a photo detedor placed in a small plastic
housing. The sensor is applied to the skin by means of a
double-faced adhesive ring. The sensor can be ather of
tranamitting type or refleding type. Here we have used a
trangmisgon type sensor. Using an optical fiber to transmit
and recave the light can modify the PRG sensor head. With
this modification, simultaneous measurements of PRG
signal with MRI, ECG, EEG probes can be done without
any electromagnetic interference problems.

The PRG signal has been used to study the Autonomic
control of the cadiovascular system [1], [2]. It has shown
that in normal subjects, the PRG signal peaks coincide with

the R peaks of the ECG [3]. This result has lead to the
present study of whether the PRG signal refleds the cardiac
activity and R-R interval variability in the case of abnormal
subjeds.

II. METHODOLOGY

The PRG signal from the patients and the normals was
recorded at the intensive @re unit in supine position from
the left and right ea lobes. The mean age of all the subjects
was 36. The duration of the recording was 15 minutes. The
outputs of the two PRG sensors were digitaly sampled a a
sampling rate of 40Hz and stored for further analysis.

The subjects gudied were 5 normals and 5 patients (2-
Atriad Flutter and 3-Post Myocardia Infarction (Ml)). The
Atrid  Hutter patients were on  Anti-Arrhythmic
(T.Diltiazien 90mg/day) and Anti-Coagulant (T.Lanoxin —
0.25mg/day) drugs. The post MI patients were on
Nitroglycerine drips. The normas were non-smokers and
were not on any drugs or drug-trials.

1. PREPROCESSING

The data was filtered using a butterworth low passfiler of
order 8 (cutoff - 7 Hz) to remove any high frequency noise
that might be present in the signal. Figure 1a shows the raw
PRG signa and Fig. 1b shows the filtered PG signal.

The very low frequency components contained in a
signa are sometimes an atifact caused ether by the
instruments used to acquire the signa or the movement of
the subject, which shifts the PRG signal up a down. The
PRG sensor is also very sensitive to these shifts. These low
frequency components smea the power spedrum of the
PRG signal and can affect the results. Furthermore, the PRG
signal consists of a quasi DC signd that corresponds to
changesin the venous presaure. While it isthe aterial blood
volume dhangesthat have a dired bearing on cardiovascular
dysfunction. This quasi DC signa neelsto be removed and
the signal was detrended before being subjeded to analysis.
A linear detrending was applied to the PRG data. All the
preprocessng and analysiswas donein MATLAB.
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Fig 1a. Raw PRG Signal. Fig 1b. Filtered PPG signal.

IV. SPECTRAL ANALYSIS

FFT spedral analysis was performed on the data and was
found to have many spurious peaks. The normals typically
have a peak around 0.1 Hz and 1-1.5 Hz. Fig. 2.0 shows the
FFT spedrafor anorma subjed.
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Fig 2 FFT Spectra for aNormal Subject

To remove the spurious peaks, non-parametric spedral
anadysis was performed on the PRG data. The power
spedral density (PD) estimate was computed using the
Welch method. By employing the standard “P3D” function
available Matlab 53. The PD egtimate showed similar
frequency contents as the FFT, but devoid of the spurious
peaks as seen in Fig. 2. The 1 Hz component is gronger
than the 0.1 Hz components and the ratio o their
magnitudes was 7:2. Fig. 3 shows the PD for a norma
subjed.

The PD aso shows a small hump at about 2-2.5 Hz,
which isthe higher harmonic of the cadiac component. Fig.
da and Fig. 4b shows the PRG signal of the Atrial Flutter
and Post MI patient. It can be seen from Fig. 4a that the
PRG signd picks up the flutter waves. Fig. 5a and Fig. 5b
shows the PD estimate for the atrial flutter and Post Ml
patient respedively.

Al

PSD Estimated in AU

PSD Estimate in AU

02

015+

IRNJ

005+

-0.0a

O1r
D151

0.2
0

035

03r

025

02p

015k

01F

0osr

05 ‘i 18 é 2‘5
Frequency[Hz]
Fig 3PSD Spectra for normal subject
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Fig 4b PPG signal of Post M| patient
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Fig 5a PSD Estimate of atrial flutter patient
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Fig 5b PSD Estimate of POST M| Patient

The PD edtimate for atrial flutter patients has
prominent components at 0.6 Hz, 0.8 Hz and the cadiac
component. The 0.6 Hz and the 0.8 Hz components are
respedivey the ‘two’ and ‘three flutter waves [8] seen in
the PRG signal as iown in Fig 4a The PD estimate of
post MI patients indicates the presence of two low
frequency rhythms of 0.1 Hz and 025 Hz goart from the
cardiac component (1 Hz). The ratio o amplitudes of
cardiac component and the 0.1Hz component is nealy 2:1.

V. HEART RATE VARIABILITY

The study of HRV has proven to be areliable marker for a
wide range of cardiovascular disorders. It is widely known
[4], [5] that the HRV spedrum comprises of two peaks, one
corresponding to the sympathetic component of the heart
rate ad the other corresponding to the parasympathetic
component. From the ECG sgnd, the HRV spectrum is
calculated by measuring the time intervals between
instantaneous R-R peaks and taking a frequency transform
of the ohtained time series. However, R peak detedion by
itsdf is computationaly intensve axd needs a sgna
averaged ECG, which would suppress trangents and
variability in the R-R intervals. Thus the observed HRV
nedds to be validated. We seek this validation by using the
PRG signal. By using a similar technique used for ECG
signals, we alculate the time differences between two PRG
peaks and oltain the HRV spedrum from the PRG signal for
al 10 subjects.

Figure 6 show the HRV spectrum of the normal subject
derived from the PRG signal. Here two prominent peaks —
one centered at 0.1 Hz and the other centered a 0.3 Hz are
observed. These respedively correspond to the sympathetic
component and the parasympathetic component of the heat
rate. To oldain a smocther curve, parametric estimation
using Burg method with an order 8 is used. The linea trends
in the time difference ae removed by using 10 point
moving average detrending a gorithm.

Figure 7 and Fig. 8 show the HRV spectrum for the
atrial flutter patient and post M1 patient respedively.
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VI. DISCUSSION

By comparing Fig. 3, 5a ad 5b, it is clea that the PD
estimate of the PRG signal is different for normals and
cardiovascular patients. With these results, it is certain that
the PRG signal contains information about the cadiac
activity.

From Fig. 6 it is clea that the PRG signal refleds the
HRV spedrum for norma subjed in agreamnent with [6].
Figure 4a shows the PRG sgnal of a Patient with Atria
Flutter. The PRG signa usually has two and three flutter
waves in between two PRG peaks. This was consistently
sea during the period of measurement. These ae very clear
in the PD Estimate of Fig. 5a where 0.5Hz corresponds to
the 2-flutter wave component, 0.8Hz corresponds to the
threeflutter wave component and the 1.5Hz corresponds to
the cadiac component. Figure 7 shows the HRV spectrum
for Atrial flutter patient. In contragt to the HRV spedrum of
the norma subjed shown in fig 6 we seetwo components
i.e. 0.3Hz and 0.6Hz for the Atria flutter patient.

From Fig. 8, we seethat the HRV spedrum for the Post
MI patient shows a peak at 0.2-0.3Hz and no significant
peak at 0.1-0.15Hz, indicaing absence of sympathetic
pacing o the heat. Thiswas e for al 3 Post M| patients.
A similar HRV spedrum for ECG signd has been reported
in[7] and isin good agreanent with Fig. 8.

VIl. CONCLUSION

Photoplethysmography (PRG) has been widdly used in
many biomedical applicaions such as Pulse Oximetry,
detedion of varicose veins, muscle pump test etc. We have
performed spedra anadysis on the PRG signds from
normals and patients with cardiovascular disorder. The
results dow that the spedral contents differ between
normals and patients. We also oltained the HRV spedrum
for normals and patients and here too there was a significant
difference These results show that PRG can be a
dternative diagnostic tod to study the cadiovascular
system and espedally heat rate variability. Future work can
am to study the dfects on different alments on the
sympathetic and the parasympathetic nervous systems using
PRG in conjunction with ECG.
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